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(57) Abstract 

A birefringent polarizing device which separates a beam (1) into polarized component beams (9) and (10) by transmitting 
both components through plane parallel element (3). Separation occurs since one or both of plane parallel element (3) and ele- 
ment (2) is birefringent. Elements (2) and (4) are of the same refractive index or indices so that beams (9) and (10) emerge parallel 
to one another. Plane parallel element (3) may also be a space (3) which allows the device to be used with high powered lasers. 
Many variants are described. 
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BIREFRINGENT POLARIZING DEVICE 

Technical Field 

This invention relates to birefringent polarizers and 
polarizing beam-splitters and particularly to birefringent 
polarizers and polarizing beam-splitters which separate 
polarization components by transmitting both components through 
an interface. 

PflCfrgrpvnfl Art 

Many polarizers and polarizing beam-splitters are 
known to the art, each having disadvantages. 

The Glan-Thompson polarizer, which is a block of 
birefringent material cut into prisms and then cemented 
together acts by reflecting one polarization component at the 
cement interface and by transmitting the other. The device 
requires a considerable amount of birefringent material, 
generally calcite, which is scarce and expensive, and is unable 
to work with high powered lasers and ultraviolet light, since 
the light destroys or clouds cement. 

The Glan-Thompson polarizing beam-splitter, which 
makes use of the reflected polarization component, suffers from 
the added disadvantage that polarized beams exit said device at 
inconvenient angles, for example 45 degrees, when it is often 
useful that beams are parallel, orthogonal or otherwise 
oriented. 

The Glan-Taylor polarizer which is similar to the 
Glan-Thompson polarizer but uses an air space instead of cement 
to separate polarization components can work with many light 
sources but suffers from reflection loss and ghosting caused by 
the air gap. 

The Wollaston, Rochon and Senarmont beam-splitters, 
which separate polarization components by transmitting said 
components through an interface, permit optical contacting for 
use with most light sources, but produce beams which also exit 
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at inconvenient angles, with one or both polarization 
components suffering from chromatism and distortion. 

The double refracting element (beam displacer) , which 
produces accurately parallel polarized beams of light, achieves 
small beam separation and limited field. Also, since the beams 
may pass through a considerable amount of material before 
achieving useful separation; then wavefront distortion can 
occur in the extraordinary beam, due to imperfections in the 
crystal's structure. See, for example, -Birefringence of 
Quartz and Calcite, - Journal of fhP Oni-^ c^ r1n v of 
volume 49, number 7, July 1959, pages 710-712) . Beam 
separation can be further limited by the small size and high 
cost of suitable crystals. 

Polarizing prisms and their various defects are 
described in detail by H. E . Bennett and J. m. Bennett, 
"Polarization," in Handbook of Pptlr^, w. G. Driscoll and W. 
Vaughan, Editors, McGraw-Hill, New York, 1978. 

Disclosure Of Th» inwnf ^ n n 

It is an object of this invention to provide a 
birefringent polarizing beam-splitter in which polarized beams 
of electromagnetic radiation may emerge from the device being 
free from chromatism and distortion and such that angular 
separation may be greater than for a double refracting element. 

It is also an object of the invention to provide a 
polarizing beam-splitter in which polarized beams of 
electromagnetic radiation may emerge from said device being 
oriented at convenient angles. 

It is another object of the invention to provide a 
polarizing beam-splitter which may be conservative in the use 
of birefringent material. 

It is a further object of the invention to provide a 
beam displacer which may causes less wavefront distortion in 
the extraordinary beam than a known birefringent beam 
displacer. 

It is a still further object of the invention to 
provide an improved polarizer. 
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To this end, in accordance with the invention, the 
birefringent polarizing ' device is characterised by a space or 
an element which is all or in part plane parallel, situated 
between at least two optical elements, wherein polarization 
components are separated by the transmission of said components 
through an interface, with at least one element forming said 
interface being birefringent. 

Isotropic elements on either side of said element 
which is all or in part plane parallel have the same refractive 
index, birefringent elements on either side of said space or 
element which is all or in part plane parallel have the same 
optic axis orientations, and when elements on either side of 
said space or element which T £-s all or in part plane parallel 
are at least one isotropic and at least one birefringent, then 
the refractive indices of said isotropic element or elements 
match an index or indices of said birefringent . element or 
elements. 

Birefringent elements on either side of a space may 
be Brewster prisms with different optic axis orientations, as 
in the two elements of a Wollaston, Rochon or Senarmont prism, 
so that said prisms may permit the transmission of one 
polarization component without Fresnel reflection. These 
prisms may be in physical contact without being in optical 
contact, thus having air between them, eliminating stress 
birefringence between elements and removing the accurate 
polishing requirement. One Brewster prism may also be 
isotropic. 

In the case of a polarizer, the unused polarization 
component may be reflected as well as transmitted at an 
interface so as to provide a large acceptance angle. 

Also reflecting surfaces or Brewster windows may be 
included in said device to translate a polarization component 
or components. 
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Brief Description Of nrawi^ 



Fig. 1 represents an embodiment in accordance with 
the invention describing the method in which a beam-splitter 
with a plane parallel element operates. 

Fig. 2 represents a particular embodiment in 
accordance with the invention being a beam-splitter which uses 
the Wollaston prism beam-splitting method to obtain polarized 
components . 

Fig. 3 represents an embodiment in accordance with 
the invention being a beam-splitter in which at least one 
element is isotropic, being an embodiment which is economical 
in its use of birefringent material. 

Fig. 4 represents an embodiment in accordance with 
the invention being a beam-splitter in which the second element 
is plane parallel only in part. 

Fig. 5 represents an embodiment in accordance with 
the invention being a polarizer which provides a large 
acceptance field. 

Fig. 6 represents an embodiment in accordance with 
the invention, being an extension of the three element 
Wollaston, producing output beams which are parallel and free 
from chromatism and distortion. 

Fig. 7 represents an embodiment in accordance with 
the invention being a beam-splitter in which polarization 
components exit at orthogonal angles. 

Fig. 8 represents an embodiment in accordance with 
the invention being a beam-splitter which includes an air 
space . 

Fig. 9 represents an embodiment in accordance with 
the invention being a beam-splitter wherein Brewster prisms are 
used to reduce reflection loss for one polarization component. 

Fig. 10 represents an embodiment in accordance with 
the invention being a plain polarizer which includes Brewster 
prisms . 

Fig. 11 represents an embodiment in accordance with 
the invention being a polarizer similar to the previous 
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embodiment in which beams are reflected from a mirror to 
counter displacement. 

Fig. 12 represents an embodiment in accordance with 
the invention being a polarizer in which two mirrors are 
employed to counter image inversion. 

Fig. 13 represents an embodiment in accordance with 
the invention being a polarizer which employs the Rochon prism 
beam- splitting method and includes Brewster prisms. 

Fig. 14 represents an embodiment in accordance with 
the invention similar to the previous embodiment/ in which both 
polarization components are transmitted through the last face 
of the second prism. 

Fig. 15 represents a beam displacer, similar to a 
known beam displacer made of calcite, in which the amount of 
calcite is reduced by replacing a substantial section of said 
beam displacer with isotropic material. 

Figure 16 represents an embodiment using 45 degree 
calcite prisms, wherein beams emerge orthogonal to one and 
other . 

Figure 17 represents an embodiment similar to the 
embodiment in figure 16, wherein beams exit at an angle of 120 
degrees . . 

Descripti on Of Preferred Embodiments 

Fig. 1 represents an embodiment in accordance with 
the invention describing how a beam-splitter which includes a 
plane parallel element operates, in which a beam of 
electromagnetic radiation 1 enters first element Z and passes 
into second element 2, which in this case is the plane parallel 
element, so that beam 1 separates into orthogonally polarized 
beams 5 and 6. 

Since at least element Z or element 2 is double 
refracting, the beams will separate by encountering different 
refractive indices as known, for example, in the Wollaston 
prism (Bennett and Bennett, page 10-60) . Similar separation 
also occurs when one of said elements is isotropic. 
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The refractive indices of elements on either side of 
element 2. are the same for the same polarization components, 
and so once beams 5 and 6 have passed through element 2, with 
faces 7 and 8 parallel, said beams will pass into element 1 
parallel to related components in 1. 

After leaving element 1 component beams become beams 
9 and 10 which are parallel to each other and parallel to input 
beam 1, being free from chromatism and distortion. 

Figure 2 represents a particular embodiment in 
accordance with the invention being a beam-splitter based on 
the Wollaston prism beam-splitting method. 

Beam 21 enters double refracting prism 21 with its 
optic axis 25 in the plane of the drawing and-parallel to input 
face 30. Beam 21 becomes beam 26 in prism 21 where said beam 
then passes into plane parallel element 21, being a double 
refracting element with its optic axis 27 normal to the plane 
of the drawing. Said beam 26 then becomes orthogonally 
polarized beams 28 and 29, as known. 

Now, beams 28 and 29 continue through interface 32 
and into double refracting prism 2±, with its optic axis 33 in 
the same direction as optic axis 25, such that beams refract to 
become parallel to related beams in 21. As beams 28 and 2 9 are 
parallel to component beams 26, and given that faces 30 and 31 
are plane parallel, then beams 37 and 38 exit element 21 
parallel to input beam 21. 

Block 34, formed by extending the dotted lines, can 
represent a Wollaston prism. Since Wollaston prisms are 
commonly manufactured with extinction ratios in excess of 
105 : i, and since beams in the. described embodiment exit as if 
from a Wollaston prism, then extinction ratios should be 
similar to those of the Wollaston prism or better. Note, beams 
travel through the equivalent of two Wollaston prisms in 
sequence. 

By covering surfaces 35 and 36 with an absorbing 
material, as is done with the Glan-Thompson prism, reflected 
light can be removed from the device. 

Calcite, which is generally the double refracting 
material used in constructing Wollaston prisms, has a large 
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positive coefficient of expansion' parallel to the optic axis 
and a smaller negative coefficient of expansion perpendicular 
to the optic axis. When the two parts of a Wollaston prism are 
then joined together a considerable amount of strain may 
generate in each prism when the temperature changes . This 
strain, which can produce strain birefringence, still permits 
excellent extinction in output component beams. The same event 
should thus occur in the described embodiment. 

Similar embodiments may be constructed based upon 
Rochon and Senarmont prism beam-splitting methods . Further 
embodiments may also be constructed based upon known three 
beam- splitting methods with optic axes reversed as, for 
example, in said described embodiment wherein elements 22 and 
24 have optic axes normal to the plane of the paper, and 
element 23 has its optic axis in the plane of the drawing 
parallel to input face 30. Other optic axis orientations may 
also be used to advantage. 

Calcite is a scarce and expensive material, hence 
polarizing devices which reduce the amount of calcite or other 
birefringent material required are desirable. 

In figure 3 elements 11, 13. and 11 may be isotropic 
while element 12 is birefringent, or 12 may be isotropic while 
41 , 43 and 11 are birefringent, reducing the amount of 
birefringent material employed. Also element H may be double 
refracting while elements 12/ 13. and 11 may be isotropic, with 
refractive indices of elements 13. and H matching those of 
element li. In this last case chromatism and distortion could 
appear in one of the output beams and so its use would be 
appropriate where imaging is not required. Other variations 
which include designs in figures 1 and 2 will also be obvious. 

Figure 4 represents an embodiment in accordance with 
the invention in which beams 53 and 54 leave said embodiment at 
different angles. Element 51 is double refracting and elements 
52 and £3. are isotropic, with refractive indices of elements 52 
and 53, matching those of element 51. Element 52 could be, for 
example, injection moulded. 

Figure 5 represents an embodiment in accordance with 
the invention being a polarizer only, constructed so that 
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unwanted components may be transmitted as well as reflected at 
interface 74. 

Beam 75 passes through prism 21 so that unwanted 
component 76 is reflected from surface 74 and wanted component 
77 is transmitted through surface 74. Transmitted beam 77 then 
passes into element 21 leaving the device as beam 78. 

For beam 79, in which both polarization components 
are transmitted, unwanted component 80 passes through element 
2Z so as to separate from wanted component 81. Wanted 
component 81 passes into element 21 and out of the. polarizer as 
beam 82. 

As unwanted components may be transmitted as well as 
reflected,, the described device will permit a larger optical 
acceptance angle than is obtained with the Glan-Thompson 
polarizing prism. 

Figure 6 represents an embodiment in accordance with 
the invention which operates such that beams are separated in 
element 21, and further separated in plane parallel element 
the embodiment being an extension of the three element 
Wollaston prism (Bennett and Bennett, page 10-61) . Parallel 
beams are produced which are free from chromatism and 
distortion. 

Fig. 7 represents an embodiment in accordance with 
the invention in which polarization components exit said 
embodiment at orthogonal angles, m this embodiment the Rochon 
beam splitting method is employed. Beam 94 is reflected from 

beam ll " ^ ^ ^ " ^ °^onal to 

If a quarter waveplate is placed at position 98 then 
beam 96, when passed through said device in the reverse 
direction, will pass through waveplate 98. On being reflected 
bac* through said waveplate said beam will return through said . 
embodiment as beam 97. 

Glan-Taylor and Glan-Focault polarizers, which 
consist of birefringent prisms separated by an air gap, work by 
transmuting one polarization component at said gap and by 
reflecting the other component, a problem with this type of 
polarizer is that reflection loss occurs at the air gap along 
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with ghosting. By allowing both polarization components to be 
transmitted it is possible to reduce this reflection loss and 
also to provide a polarizing beam-splitter which has the 
advantages of an air spaced polarizer. 

Fig. 8 represents an embodiment in accordance with 
the invention comprising two birefringent prisms and an air 
space. As shown, beam 100 enters prism 101 and is split at 
face 102 into orthogonally polarized beams 103 and 104. Said 
beams, after travelling through the air space, pass into prism 
105 . In this embodiment prisms 101 and IPS have the same optic 
axis orientations and faces 102 and 106 are parallel, so beams 
103 and 104 will enter prism 105 and exit said prism as 
parallel beams 107 and 108. Thus in passing through the two 
prisms input beam 100 will be separated into parallel, 
orthogonally polarized output beams 107 and 108. 

If the optic axes of the elements are normal to the 
plane of the drawing, as with a Glan-Focault prism, then, in 
the drawing, the upper beam will suffer smaller reflection loss 
than the lower beam. This is because the electric field of the 
upper beam is parallel to the plane of incidence, being P 
polarization, which in this case passes through the interface 
close to or at Brewster's angle. By also coating hypotenuse 
faces with antiref lection films, reflection loss at said faces 
can be reduced for the other polarization component . 

Fig. 9 represents an embodiment in accordance with 
the invention being a polarizer in which reflection loss at 
every faces, as calculated from Fresnel's equation, is reduced 
to zero for one polarization component . In this embodiment 
beam 112 enters prism 110 and is split into orthogonally 
polarized components 113 and 114. These components then pass 
into prism 111 . If the optic axes of said prisms 110 and 111 
are oriented normal to the plane of the drawing, beam 112 will 
become parallel beams 115 and 116 with beam 116 being the 
ordinary beam which passes through each prism at Brewster's 
angle . 

Other enbodiments could transmit the extraordinary 

beam. 
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Fig. 10 represents an embodiment in accordance with 
the invention, similar to the previous embodiment, being a 
polarizer which uses Brewster prisms. 

Beam 120 passes through prism 221 with the 
P polarized component passing through prism 221 at Brewster's 
angle. The S polarized component meets stop 123. 

Fig. 11 represents an .embodiment in accordance with 
the invention being a polarizer wherein component beams are 
reflected from mirror 130 so as to counter displacement which 
occurs in the preceding embodiment f . This is the previous 
embodiment with prism 221 reflected about said mirror. 

Fig. 12 represents an embodiment in accordance with 
the invention being a polarizer in which a further reflection 
occurs at second mirror 140 so as to prevent the image from 
being inverted and to keep output beam 142 parallel to input 
beam 141. 

Fig. 13 represents an embodiment in accordance with 
the invention being a polarizing device similar to the Rochon 
prism, which includes Brewster prisms. 

In this embodiment beam 150 is separated into 
orthogonally polarized beams 153 and 154, with the P polarized 
component 154 passing through both prisms at Brewster's angle 
and the S polarized component 153 being totally reflected at 
last face 155. Here the optic axis orientation of the first 
element 151 is normal to the plane of the drawing so that beam 
154 is the ordinary beam. The optic axis of the second element 
152 is in the plane of the drawing parallel to the P polarized 
beam in the element. Prism 151 could be replaced with a glass 
prism having an index of refraction matching that of the 
ordinary ray in prism 151. Some glasses of said index are 
described by E. 0. Ammann and G. A. Massey, Journal n f ^ 
Opt i ca] Sociflt.V Of ftmprirfW volume 58, number 11, 1968, pages 
1472-1433. 

Fig. 14 represents an embodiment in accordance with 
the invention similar to the previous embodiment but wherein 
the S polarized component is transmitted through the last face 
instead of being reflected from said face. 
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In the embodiment second prism 1£1 has its optic axis 
normal to the plane of the drawing and the first prism 160 may 
be glass. The S polarized beam is transmitted through face 162. 

Since prisms in the previous two embodiments are not 
cemented or optically contacted then strain between elements is 
removed. Note, these prisms could be in physical contact and 
still be considered air spaced. 

Fig. 15 represents a beam displacer, similar to a 
known calcite beam displacer, wherein the amount of calcite is 
reduced by replacing a substantial section of said beam 
displacer with isotropic material. 

In the embodiment elements 170 and 172 are 45 degree 
calcite prisms with optic axes oriented normal to the plane of 
the drawing, and element 171 is an isotropic plane parallel 
element with a refractive index similar to that of the 
extraordinary beam in calcite. 

In said known beam displacer beam separation is 6.2 
degrees. In this, embodiment beam separation is 7.1 degrees. If 
elements 170 and 172 are optically contacted to element 171 , 
Fresnel reflection at surface 173 will be less than 0.03 
percent for the P polarized component and zero for the S 
polarized component. This is because the P polarized component 
passes through the interface at an angle close to Brewster's 
angle . 

For said embodiment, wavefront distortion in the 
extraordinary beam can be reduced by about 80 percent, as can 
the amount calcite. This permits the construction of large 
beam displacers. Note, calcite can be further reduced as shown 
in figure 3 . 

Figure 16 represents an embodiment using 45 degree 
calcite prisms, wherein beams emerge orthogonal to one and 
other . 

Prisms 180 and 182 have optic axes normal to the 
plane of the drawing and element 181 is isotropic with a 
refractive index similar to that of the extraordinary ray in 
calcite, as in the previous embodiment. Section 183 . shown by 
dotted lines, which would normally be the upper section of the 
previously described beam displacer, is here the section below 
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reflecting surface 184. Beam 186 will leave prism lfi2 as if 
from said section 132., being free from chromatism and 
distortion . 

This embodiment can be used with high powered light 
sources if optical contacting is employed and the amount of 
calcite and wavefront distortion in the extraordinary beam can 
be further reduced. 

Figure 17 represents an embodiment similar to 
embodiment 16, wherein beams exit at an angle of 120 degrees to 
one and other. 

In this embodiment prism 120. is a 60 degree right 
prism, and element 122 is modified so that polarization 
component 195 may leave said element free from chromatism and 
distortion. 

The orientation of face 193 is determined by 
reflecting the supposed upper section of a beam displacer about 
reflecting surface 194, reflecting surface 194 being orthogonal 
to faces of plane parallel element 191 . 

Elements 19_0_, 121 and 122 may be calcite, or said 
elements may be combinations of calcite and other material, for 
example synthetic fused silica or Schott optical glass BK 7. 

Further embodiments using other birefringent 
materials will be evident. 

In each embodiment which includes a plane parallel 
element, little restriction is placed upon cements which may be 
used and optical contacting may also be employed. Steel-, 
Smartt and Giovanelli have successfully contacted glass and 
calcite ( Australian Jmimm nf ph , Yr j rr volume 14, 1961, page 
209), and since it is difficult to produce surfaces of the 
required flatness in prisms (F. Twyman, "Prism and Lens 
Making," second edition, Hilger 6 Watts, London, 1952) then in 
these embodiments the first and third elements could be 
polished to required flatness as plane parallel sections, later 
being divided to provide separate elements. 

Many modifications and variations to the described 
embodiments will be apparent to those skilled in the art and 
all such modifications and variations should be considered as 
within the scope of the present invention. 
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CLAIMS 

1. A birefringent device for polarizing light which separates 
polarization components by transmitting said components through 
an interface, characterised by: 

a space or an element which is all or in part plane parallel 
situated between at least two optical elements wherein; 

isotropic elements on sides of said element which is all or 
in part plane parallel have the same refractive index and 
wherein; 

birefringent elements on sides of said space or element 

which is all or in part plane parallel have the same optic 
axis orientations and wherein; 

isotropic and birefringent elements on sides of said space 
or element which is all or in part plane parallel have an 
isotropic element or elements which match an index or 
indices of said birefringent element or elements and 
wherein; 

birefringent Brewster prisms on sides of said space may have 
different optic axis orientations so that said prisms may 
permit the transmission of one polarization component 
without Fresnel reflection and wherein; 

a birefringent Brewster prism on one side of said space and 
an isotropic Brewster prism on the other side of said 
space , may permit the transmission of one polarization 
component without Fresnel reflection. 

2. A device as claimed in claim 1, wherein an unwanted 
polarization component may be reflected as well as transmitted 
at an interface. 

3. A device as claimed in claims 1 and 2, characterised in 
that reflecting surfaces or Brewster windows are included to 
translate a polarization component or components. 

4. A device as claimed in claims 1, 2 and 3, wherein 
additional elements are added to advantage. 
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5. A device as claimed in claims 1, 2, 3 and 4 characterised 
in that said device is employed for a purpose other than 
polarizing light or beam-splitting such as, for example, 
combining beams . 

6. An optical instrument which includes a birefringent 
polarizing device characterized in that it further includes a 
device as claimed in claims 1, 2, 3, 4 or 5. 



7. Any feature or step or combination of features or steps 
described herein. 
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